Vol. 57 UE was subsequently grown on Luria-Bertani (LB) agar (Difco Laboratories, Detroit, Mich., USA).
Morphological and physiological tests. Gramstaining was determined using a Favor-G kit (Nissui Pharmaceutical, Tokyo, Japan) according to the manufacturer s instructions. Growth at different temperatures, pH levels, and NaCl concentrations was examined using LB broth as the basal medium. The temperature range for growth was tested by colony formation following incubation at 4, 5, 10, 15, 20, 25, 28, 35, 37, 42, 45 , and 50 C. The pH range for growth (pH 5 11 at intervals of 0.5 pH units) was determined at 28 C. To test salt tolerance, the following NaCl concentrations (w/v) were tested: 1.5%, 2%, 5%, 8%, 10%, 15%, and 20%. Cellular morphology was observed using light microscopy (ECLIPSE E600; Nikon, Tokyo, Japan). Motility was determined using API M medium (bioMérieux, Lyon, France). Anaerobic growth was tested on LB agar at 28 C using Aneromate-P (Nissui Pharmaceutical) over 3 weeks. Catalase activity was determined by bubble formation in a 3% H 2 O 2 , solution and oxidase activity was determined using cytochrome oxidase test paper (Nissui Pharmaceutical). Nitrate reduction, indole production, and arginine dihydrolase, urease, gelatinase, esculin hydrolysis, and glucose fermentation were tested using an API 20NE kit (bioMérieux) according to the manufacturer s instructions. The production of H 2 S was tested using peptone yeast extract iron agar (International Streptomyces Project ISP Medium No. 6, Difco) (Trenser and Danga, 1958) . Other enzyme activities and acid production were assayed using API ZYM and API 50CH kits (bioMérieux). API 20NE and API ZYM were evaluated after 48-h and 24-h incubations, respectively, at 28 C. All phenotypic assays, except for the analysis of the temperature range, were carried out at 28 C.
Chemotaxonomic investigation. Menaquinones were extracted using the procedures described by Collins et al. (1977) and analyzed by liquid chromatography mass spectrometry (LC-MS), as described by Ogiso et al. (2008) but without adding phosphoric acid to the elution buffer. Polar lipids were extracted using the procedures described by Minnikin et al. (1984) and analyzed by thin-layer chromatography (TLC). For cellular fatty acid analyses, cells were grown on Tryptic soy agar (Becton Dickinson, Md., USA) at 28 C for 3 days and fatty acid methyl ester analysis was performed with the Sherlock Microbial Identifi cation System (MIDI, Del., USA). Cell walls were prepared by the methods described by Schleifer and Kandler (1972) . Amino acids in acid hydrolysates of cell walls were identifi ed by TLC (Harper and Davis, 1979) , high-performance liquid chromatography (HPLC) for their phenylthiocarbamyl derivatives (Yokota et al., 1993) , and capillary electrophoresis mass spectrometry (CE-MS) (Soga and Heiger., 2000) .
Genomic DNA analysis. DNA was prepared according to the method of Suzuki et al. (1999) . The G+C content of genomic DNA was determined by HPLC analysis using a DNA-GC kit (Yamasa, Chiba, Japan). DNA DNA hybridizations were carried out with photobiotin-labeled probes in microplate wells as described by Ezaki et al. (1989) . Hybridizations were performed using fi ve replicates; the highest and lowest values for each sample were excluded and the means were calculated as the DNA DNA relatedness values.
Analysis of sequence data and construction of a phylogenetic tree. An approximately 1,500-bp fragment of the 16S rRNA gene was amplifi ed from the extracted DNA using universal primers for the bacterial 16S rRNA gene, namely 9F (5 -GAGTTTGATCCTGGCTCAG-3 ; positions 9 27) (Escherichia coli numbering system; Brosius et al., 1978) and 1541R (5 -AAGGAGGTGATC CAGCC-3 ; positions 1541 1525). PCR conditions were as follows: one cycle at 95 C for 3 min; 30 cycles at 95 C for 0.5 min, at 55 C for 15 s, and at 72 C for 1 min; plus a fi nal extension step at for 5 min. TaKaRa Ex Taq TM (TaKaRa Bio, Inc., Shiga, Japan) was used as the polymerase. The chromosomal DNA of strain K-540B T was isolated using the FAST DNA SPIN kit for soil (Funakoshi, Tokyo, Japan). The 16S rRNA gene was amplifi ed using primers 9F and 1541R. The amplifi ed DNA fragment was purifi ed with a Pure Link TM PCR Purifi cation kit (Invitrogen Life Technologies Corp., Carlsberg, Calif., USA) and the purifi ed PCR product was sequenced with two forward and two reverse primers 9F, 515F (5 -GTGCCAGCAGCCGCGGT-3 ; positions 515 531), 1115R (5 -AGGGTTGCGCTCGT TG-3 ; positions 1115 1100), and 1541R (E. coli numbering system), respectively. The 16S rRNA gene sequence was determined by the dideoxy chain-termination method using the Big Dye Terminator kit and an ABI 3700 DNA Analyzer (Applied Biosystems, Gouda, The Netherlands). The 16S rRNA gene sequence of strain K-540B
T determined in the present study was aligned with those of the type strains of all described Leucobacter spp. and two other related species in the family Microbacteriaceae, Agrococcus jenensis, and Pseudoclavibacter helvolus. A sequence similarity search was performed using GenBank BLASTN (National Center for Biotechnology Information). Sequences of closely related taxa were retrieved and aligned using the CLUSTALX program ver. 1.83 (Thompson et al., 1997) and the alignment was corrected manually.
The similarity values were determined by MEGA 4.0.2 software (Tamura et al., 2007) and phylogenetic analysis was performed using two tree-making algorithms in the software, namely neighbor-joining (NJ) (Saitou and Nei, 1987) and maximum-parsimony (Fitch, 1971) . For NJ analysis, distances between the sequences were calculated using Kimura s two parameter model (Kimura, 1983) . The topology of the phylogenetic tree was evaluated by the bootstrap resampling method of Felsenstein (1985) with 1,000 replicates.
Nucleotide sequence accession number. The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain K-540B
T is AB514037.
Results and Discussion
The morphological, physiological and biochemical characteristics of strain K-540B T are given in the species description below and in Tables 1 and 2 . The cells of strain K-540B
T are gram-positive, aerobic, rodshaped, and non-motile. It formed a creamy white-colored colony. Growth was observed at 4 30 C with an optimum between 25 and 28 C. Growth occurred at pH 6 10 and the optimum pH was 7 7.5. The sequenced length of the 16S rRNA gene was 1,498 bp. BLAST sequence similarity results based on the 16S rRNA gene sequence revealed that strain K-540B T was closely related to the genus Leucobacter and showed 16S rRNA gene sequence similarity values of 95.5% 98.7% with members of the genus Leucobacter. The generated phylogenetic tree also positioned strain K-540B T within the genus Leucobacter (Fig. 1) and most of its chemotaxonomic properties were typical of members of the genus Leucobacter. The major fatty acids were anteiso-C 15:0 (56.0%), iso-C 16:0 (24.9%), and anteiso-C 17:0 (9.6%). Cellular fatty acids differed quantitatively between strain K-540B
T and other strains of the genus Leucobacter (Table 1 ). The major quinone was MK-11 (53.6%), as with all the other Leucobacter spp. and the minor quinones were MK-10 (15.2%), MK-4 (9.6%), MK-5 (9.2%), MK-6 (3.7%), MK-8 (2.9%), MK-9 (2.8%), MK-7 (2.0%), and MK-12 (0.9%). The polar lipids included phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), and other unknown compounds. The G+C content of the genomic DNA was 64.9 mol%. The peptidoglycan components included 2,4-diaminobutyric acid (DAB), alanine (Ala), glycine (Gly), and glutamic acid (Glu) in a molar ratio of 0.5 3.0 1.5 1.0. Because the GABA peak was detected as a shoulder on another peak, it was not quantifi ed. Identifi cation of GABA was based on retention time and mass spectra from the CE-MS. A protonated molecular ion peak at m/z 104 was detected for GABA (exact mass 103.06) at retention time 11.874 min during CE-MS peptidoglycan analysis. The presence of GABA, threonine (Thr), and lysine (Lys) varies in the genus
Leucobacter. Strain K-540B
T contained GABA but not Thr or Lys and differed from the other type strains of the genus Leucobacter in terms of its peptidoglycan components.
Strain K-540B T can be differentiated by several phenotypic characteristics, such as growth temperature, NaCl tolerance, and the production of acid from carbohydrate and enzyme. It grew at up to 5% (w/v) NaCl and could thus be differentiated from the other four Results from this and previous studies (Morais et al. (2004 (Morais et al. ( , 2006 , Muir and Tan (2007) , Behrendt et al. (2008) , and Martin et al. (2010). closely related species except L. aerolatus. It was differentiated from L. chromireducens subsp. solipictus in growth at 4 C. An API 50CH test indicated that strain K-540B
T produced a weak acid from glycerol alone and could thus be clearly differentiated from L. aerolatus and L. tardus. In addition, API ZYME results indicated that enzyme production in strain K-540B
T was not matched with that of any of the other species of the genus Leucobacter.
Strain T does not belong to any of the above species according to the recommended threshold value of 70% DNA DNA relatedness for species defi nition (Wayne et al., 1987) . This polyphasic study revealed that strain K-540B T could be clearly distinguished from all the species of the genus Leucobacter. Based on the above data, strain K-540B T can be regarded as a novel species of the genus Leucobacter, for which the name Leucobacter exalbidus sp. nov. was proposed.
Description of Leucobacter exalbidus sp. nov.
(ex.al bi.dus. L. masc. adj. exalbidus, whitish, referring to the color of the colonies)
Colonies on LB are smooth, creamy white-colored, about 1 3 mm diameter, and circular. Cells are short rods (0.3 0.6 0.6 1.3 μm). The strain is catalasepositive, oxidase-negative, non-motile, and non-sporulating. No growth occurs under anaerobic conditions. Growth occurs at 4 C but the optimum growth temperature is 25 28 C and no growth occurs at 37 C. The pH range for growth is 6 10 and optimum growth pH is 7 7.5. Growth is also possible in up to 5% (w/v) NaCl. The strain was negative for hydrolysis of starch, gelatin, esculine, nitrate reduction, hydrogen sulphide production, arginine dihydrolase, urease, and the Bootstrap values greater than 500 (1,000 replications) are given at the nodes. The sequence of Pseudoclavibacter helvolus DSM 20419 T (X77440) was used as an outgroup. Black dots indicate branches of the tree that were also formed using the maximum-parsimony method. Bar, 0.005 changes per nucleotide position.
Vol. 57 UE acidifi cation of glucose. Based on API ZYM tests, cells are positive for leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, and naphthol AS-BI-phosphohydrolase but negative for alkaline phosphatase, lipase (C4), trypsin, chymotrypsin, α-galactosidase, β-galactosidase, β-glucuronidase, α-glucosidase, β-glucosidase, N-acetyl-β-glucosaminidase, α-mannosidase, and α-fucosidase. The strain was weakly positive for esterase (C4) and esterase lipase (C8). The major fatty acids were anteiso-C 15:0 and iso-C 16:0 and the minor fatty acids were anteiso-C 17:0 , iso-C 14:0 , C 16:0 , iso-C 15:0 , C 18:0 , C 10:0 , anteiso A-C 15:1 , and anteiso-C 13:0 . The major quinone was MK-11 and minor quinones were MK-4, MK-5, MK-6, MK-7, MK-8, MK-9, MK-10, and MK-12. Polar lipids included PG, DPG, and unknown compounds. The cell wall amino acids are 2,4-DAB, Ala, Gly, Glu, and GABA. The G+C content of the DNA is 64.9 mol%. The type strain is K-540B T (=NBRC 106062 T =DSM 22850 T ).
